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T))e silent inner voice described by Huey ( 1908/1 968) in his classic study of 
reading is a pervasive part of an otherwise visual peifomlance. Despite informal 
observatibris arid considerable research dqjjibnstratirig speechlike processes in 
reading, much doubt has rerriairied abbiit the role'sUch b^^esses play . Inde^^ 
whether they play aiiy fUnctllhal role at all, as opposed to an epiphenomenal 
role» has been questibried. ' ' 

In tl^is article, we discuss speech processed in reading by critically considering 
recent available evidence arid by proposing a general model of speech proces^s 
iri readirig. We eniphasize skilled reading but we also consider less-skiHed 
reading arid how iridividual differences in reading skill .might be accounted for: 
Support for t6e nib^el will be indirect and partly argumentative rather than 
eriipirical. Iri that sense, although we will summarize some recent relevant evi- 
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dcnce, the discussion will be more in the spii^t of an empirically testable proposal 
than'a directly tested model. First, however^ we consider the dominant perspec- 
tive oh splecch prpcesses in r^ping^that of sp^ch recbdi^. 



I. THE SPEECH RECOblNG PERSPECTIVE 



There are three general cbrfipbriehts of skilled heading ihvblvi;ng speech pro- 
cessing assumptions. Sirice reading, whatever else is involved, begins \vf(^ 
vi.sual input, the visual processes are ah essential starting pbiht ih a descriptib^j pT^ 
the ihforniatibh processes bf readihg. Beybhd ah ihitial visual ih^^Ait stage, the 
lirocessihg descriptibh.must take ihtb account cbhtact with a word form in per- 
itiaheht memory (lexicaLaccessJ, cbmputa^ bf meanihgs (cofhprehehsibh), - 
and, at lea.sf bh occasion, itiembiy for wbrdsv clauses, br sentences (membry). A . 
model bf speech prbcesse.s ih readihg cah suggest ah bblijatofyr-bpiibnalj^or 
hone xi stent role bf speech processes at kly bf these pbii^ls. However, a process*^ 
ihg de .script ion bf readihg may heed further assUrttptibhs cahcerhihg the hatUfe of 
the .speech processes if their function is to be clearly Uhderstobd. Ihdeed, there 
has been considerable effort directed at the readihg part of the spe^h-readihg 
interaction but very little directed at the npeech part: Thus, whether lekical access 
and comprehension occur withoat^Hl^ch activity has been tlie subject of much 
investigation, whereas the nature of the speech processes has not received atten- 
tion: 

♦ 

A. Lexicai Access 

The process by whicli a word form is accessed is the essential minimal reading 
process. The question of whether speech plays a role ih such a process has been 
often cast as a recoding issue. Is there ah ihterhal speech trahsform on the visual 
input prior to word access? The recbdihg view bf the lexical activatibh problem fs _ 
illustrated ih Fig. 1. 

By a recbdihg view,* the tx)ttbm path indicated ih Fig. I is the path to a word. 
Recbdihg bf a letter strihg ihtb speech bccUfs ah<f the speech form is used to 
access a wbrd Ibcatibh ih membi^. The top path allows the direct^access bf the 
word without recbdijhg. - ' 

There have been a huint>ei' bf proposals cbhceri^Hthe state bf affairs depicted ' 
V^ig. 1 . Perhaps the cbhsehsus view is that, as vf. 1 suggests, access to the 
mem^ Ibcatibh of the wbrd*ts possible either by the direct route or the mdinM:t 
route. Fbr~example, Barbfi (?973), Barfbh and Baitih (1977), attd Frederikseii 
ahd Krbll (1976) emphasized this bptiohal strategic process, and similar propos- 
als have beeh made by others (Allport, I977j^bavelaar, Coltheart, Seiner, ft 
Jonass€ii, 1978): This optional direcr-^ccess model also typically assumes that 
young readers follow the recoding path and that slcilied readers do' also when they 
encoQnter an unfamilar word: 
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FIgtJro 1. The coqvaiff oruii view (>f/J|rect access versus mediated at'cess. A word's memory 
UX'alion is ycCeSjied eilhcr from the visu;|lly encoded Iclier striilg (direct access) or tollowirig a . 
rccoding of the iotter siring into souK^. . ^ 

- - . ■ ■ - ' \ ■ ' ■ 

Iriftjnnatibn processing modeisi of course, require more jietaiMhan the simple 
scheuic shown in rtg, L'*Massarb (I975>, fof exampS; desicHbes a model that 
allows direct access while filling in the gap;bet\yeen visual input and word accesk 
with a synthesis of letter patten^ from serisbrj; information. Knowledge of or- 
thographic patterns assisLs this process,, but phbnblbgical mediatiop ordinarily 
does not. Other inform a lion processing models make sortie what different specific 
claims aboUt lhe processes (see JLaBefgS^iS^ Samuels, 1974), bjit with few excep- 
tions (e.g., Gbugh, 1972), phonological mediation is not assumed. 

Although Fig. I repi-esenls afcery simple view of the lexical access prbblem, it 

r*has been Useful- as a heUn.sti^ model arid seertls to captiire the experirtierital 
.strmegics detectable in much of the research. The bulk of this re.seaith adds Up to ^ 
the conclusion that, for skilled readers, cdritactirig a wbrd^rm iri merildry 

^appens without ari earlier stage of phonetic r^cddirtg. For example, Cbltheart', 
uavclaar, Jo^iissori, and Besiier*(l977) and Davfelaaf'i?/ a/. <i978) iriteipret the 
results of their lexical decision experiments as supporting the direct acce.ss 
hypothesis. Their work is particuiarly important because results of lexical deci- 
sion rematch have occasionally suggested that phonetic recoding doeis occur 
prior to word contact (e.g:, Rubenstein, Lewis. & Rubensteln, 1971), 

Whereas there is some variance in experimental results, the set of reliable 

•results relevant for J^peech recoding is fairly small: A central result is the 
p.seUdohoiTiQ^hone effect. A ponword th^t has the same phonetic shape as a real 
word (e.g., brane) takes* longer to rejecj than a nonhoin<ypRoitev(e;g;, hrone): As 
Coltheart ( 1978) pointed out, the evidence for this effeet is convincing, although 
in a few experiments the effect did not refich staHstical^gn^canice (e:g;, Fred- 

^ erikscn & Kroll, 1976). This effect is evi<|pnce that thereis some phonetic code 
activated by a pseudoword th'at, when it matches that of a real word, slows down 
the liihe ib decide that it is a nonword. This effect says nothing in particular aboMt " 
"lexicar* access, hbwever, because jhere is nb real word tb access. What it does 
say is that pseudbwbrdscari be rcM:bdec^inlb sound arid tl^i sou rid Hi ay or iriay not 
riiatch the ^burid of a store cl word. Results for real wbrds, hbwever, db ribt 
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suggest rccoding. There is no corresponding horrrophonic effect for real words 
(e.g.. i^roan -grown) when carefjjl frequency control<i ^are present (Coltbeart et 
ill. . 1 977^. That Is, the fact that groan has the sdrtic phonetic shape as some .other 
word (icxLs>not affect its lexical access lime. ^ _ 

Accocmng to one interpretation of the model presented in Fig, jK lexical access 
may be altempied simu|tanc6usly^lorig lx)t_h:^ routes ( We^r & Ruddy, 1973). 
The speed of the different routes, if indeed different routes exist, could be gauged 
by comparing lexical decision times for words ctfritairiirig regular orthographic 
phonemic cbrfespbhdehces with decision times for words, containing irregular 
cdrres|X)ndehces (so-called "exception" words).* Regular words could be ac- 
cessed by either the recbdirig or the direct access route so that access would be 
accomplished via the faster of the two. Exception words cdUld be accessed only 
via the direct route, since the recbdihg route would fail because orthographic- 
phonemic rUle.s would be applied ihappfbpfiately to exception words. If regular 
words were accessed more quickly than exception words, all else being equal', 
this woulti lend support to the notion that multiple access routes do exist: Further- 
more . sUch a finding would sug^st that the recodlng route is the faster of the iwo:r 

Although ^btfie studies reveal faster lexical decision times for "regular'' 
words over "exceplibh" words (Barron, , 1981 : Glushko; i98l; Stanovich & 
BaUer.- 1978), other studies show no regular word advantage in lexical decisions 
(BaUer & Stanbvich, 1980; Coltheart, BesneV. Jonasson. & Davelaar: 1979): 
GlUshkb^(l98l) prbpbseU an alternative to the model of Fig: I . which explains 
the.se cbhflictirig restftts^ He suggests that lexical' access is visual and that the 
activatibn bf phbriblbgical infbnuation occurs after access as activation spreads 
to brthpgraphic "neighbors"; that is. words containing simila- letter pmtems^ 
According to GlusWco's (1 98 1)' model, the regularity effect appears when the 
activated phonological infonnation from the neighborhood of the regular word is 
homogeneous (e:g:. rate, mate, late) but disapjjears when tHe neighborhood is 
heterogeneous; that is, when the regular word h^^ pJftjS^ exception word as 
a neighbor (e:g:, save, have). Bauer and Stanovic||tCj>980) report essentially this 
result: The phonological effects, according to Glushko's (1981) model, occur 
only after direct visual pccess; ;as the phonpiogical:information of the activated 
orthographic neighbors becomes available. ^ 

Taken together, lexical decision results suggest that recbdirig is not required 
prior to lexical access. TOe difference betweeri hbmbphbriic effects fbr 
pseudowbrds and the ^ck bf such effects for real wbrds, albrig with the lack bf a 
consistent regular-exceplibn word difference, suggest an iriterpretatibri that hblds 
that direct access is the usual route tb the lexicbri, at least for skilled 
readers. The hbrribpbonic' effect for pseudbwj)rds cari be Urideretdbd as the 
activatibn bf speech sounds Sue lb the extelided aearch of the lexicon- pi;iqf 
to the final decision that the string is not a wbrd. That is. the phbne^ shape 
/bcch/ is activated by brane arid a check is theit required tb make. certain that^ 
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real word had not been cncoumered: It has nothing to do with lexical access, 

hl)wever. 7 • 

There is oi+ier evidence: less consistent perhaps, conecming phonetic |-eeodihg 
versus direct uccess: Prominent aiyong these Undings arc priming eftects in 
lexical UecisiXHi tusks; Especially interesting lor separating visual arid phorieirjic-' 
sihlilarity are the negative priming effeets found for nonliomophoriie spelling , 
pallerns in lexical decision: for example, toin h precedirig xY^Mr/? slow.s the coVii^Jf 
decision (Meyer; Schvaneveldt. & Rucldy. 1974). There is riot' ir^risisiehtl 
corresponding positive priming effect for homophoriic pair^r^ i^roan arid f^rown,' 
however: Davejaar <7 al. (1978) found rio homophoriic pririiirig, whprcas Hil- 
linger ( I9H()) did find such an effect, even wheri'the pririie was presented a'uditdr- 
ily Hiiiinger eouKI not, J)owcver,.replicale the riegative priming effect {aiircf}- 
UHu h) but argued that eviderice (Shulmari, Hbttialc, & Sanders, 1978) suggests 
that the two eftects riiay hot result ftbni Ulp same process: ^ ; 

One final lexical decision study worth describing, exploit^ a sitbation^ ifot 
present ill the other studies. LUkirtela, Pbpadic, Ognjenovfc; and Turvey (]980) 
took advantage of tfic fact That the Serbo-Croatian language is written in two 
alphabets, Roman and Cyrillic, which require different pronunciations for a 
siPhsetof shyred graphemes. Forexaftlple, Roman p is/p/ whereasCyrilHc p is /r/: 
Examining the lexical decisibri pertbrnUmce of subjects who were titient readers 
in biith alphabets^-Lukatela et al. ( 1980) found that letter strings that had dif- 
ferent prbnuriciatibris^ iri the two alphabets; but were words in both, were ae- 
ecpted nn>re slowly arid produced mi>re errors than words that couid be read with 
only one proriurieiatibri. Since t^iis result cannot be attributed easily to response 
ebmpetiiibti or to cbntlicting visual information. Lukaiela et al. ( 1980) atiribijie 
it to cbntTieting phonological information and suggest that^phbriblogical irifbrma- 
tiba is involved at some point in lexical access for bi-alphabelic Serbb^Crbatiaii 
readers. This d(>es not nqcessarily mean, however, that the graphemes were 
recbdcd prior lo access; * * - ' 

Task.s other than lexical deci<iion also have been used in exarriiriirig the recbd- 
ing issue:- Studies requiring semantic judgmerits'dembristrate that subjects require 
no longer to reject a phrase as nonsense when it cbriiairis a hbrribphbne that would 
render it sensible when pronounced: for example, My knew tw (Barbn, 1973): 
This suggests, again, that the direct visual route is sUffieierit. Otherwise: the 
judgment time would be slowed down as the hombphbries are' inap|Jrbpnately 
accessed. Another strategy, has beeriab derribristrate that some varinbles "thai 
affect latency of word vocalization, a. task clearly leqUinrig speech recodmg, do 
not affect lexical decisibris (Frederikseri & KrblK 197^). Stiji another strategy 
fias been ta show that word vbcalization does not interfere with a visual semantic 
decision (Barrbri & Bkrbn, 19'n): 

The HteratUre bri this topic, as we are sag^sting, is extensive. We do riot wish 
to examirie all the studies in detail: however. Our purpose is to suggest that the 
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consensus of c vidcnSt clearly indicates that recoding is fiot involved in a skilled 
adjjlt's access to ii word's memory location. We tiavr; discussed <he lexical 
decision task mbre than the others because, in principle, it has ^eemed to some to 
approximate the ideal of * 'pure ' ' access. In fact, Goitheart^^r a/. (1977) have 
argued thai 'all other tasks arc unsuitable tor the issue. Other tasks are suitable for * 
other questions of speech processing, however, arid we ^ill dfscuss these in turn. 
- In siimmaiy, we have briefly reviewed a few of the many relevant studie 
single word readirig to denlbristrate that the schematic mdael of Fig. J , for bfelter 
or for worse, has guided much of the thirikirig about speeC'n pttK:esSje^4U^ ^^^'^^^ 
'The vbriseriiius is that the direct roU^'; and not t^re^ding route, is used iti 
skilled feadmg. " ^ ' ' ^ 



B. Memory and CbmprBhehsidh 

With or withoot speech recoditig prior to lexical /access, there remains the 
question of whether subsequeiit reading pi;ocesses make^usc of speech. This 
question has appeared to be .answered in the affirrpative in a general way~ al- 
though there remains doubt about the details. A wealth of evidence supports the 
assumption that memory for visually encoded language' j& retoSzd into speech 
form (Corirad, 1964; Hintzman^ i967j Murray, J96$; Wickelgren, 1965). This- 
cvidertce originally, came from memory paradigms uiing syllables or letters pre- 
sented visually and observing phonemically based confusions in recall. In the 
well-known work of Conrad (1^64), subjects tended to conjuse F with 5 and D 
with T, for example, wfleri they recalled visually presented letters. Subsequent 
work suggest^that recoding would be suppressecFif task demands ehcburaged 
sustaining a^Riial code (Kroll, Parks, Parkinson,^ Bieber, & John son, 1970). 
Partly as a result of memory research, however, dual-store meinbi^ .inddels 
typically identified stfort-ierrii merripO' as a characteristically-acoustic stbrage 
system (Atkinson & Shiffriri, 1968; Kirilsch, 1970). Although thif turned bUt tb 
be a loo rigid assumptibri, it reitiairis accurate tb characterize shbrt-terrii membfy 
furiclibhihg as heavily i-elyirig bri speech properties that kre either -acou stic or 
articulalbry arialbgs, br perhaps , _ 

, Mbre d|reclly related lb ^fdiriary readirig^afe the studies of Kleimart (1975) and. 
Levy (1975, 1977, 1978). icieimari (1975) found 'that when subiects were re- 
quired lb shadbw digitus, the time they took to judge the semanUc ^acceptability of 
seriterices inefeasedi Since the lime required to make s^njantic judginents thm 
cbuld.be made 9 word at a lime was not affected, ^R^if ^"elusion was thaj 
cbmpfeherisibri of sentences, but not meaning acdess, ^^nded on* a speech 
recbdirig iri rttembry. A similar conclusion originally came from Levy's (l975) 
research but this conclusion was heavily hiodified by her later work /bevy, 
1978). In Levy *s lasic, subjects counted aloud while 'reading and Oien were given* 
recognition memory tests: their ability to delect meaning-presfcnSng wording 
changes suffered bu^ their ability to delect meaning changes did^ot. (Levy, 
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f978). Levy's conclusion \viis tliiil verbaiirii iricriiory. blii not cbitiprehensiiW for^ 
meaning, depended on speech recoding. SIdwiaczck «nd Clifton ( 1980) fcave 
argucfl. however, thai l^'vy's task was loo easy to allow the civrtclusio»Mhat 
conip,rehension was laoi aflecicd by cbiirilirig aloud. In Ihc paraphrase rcco^ 
lest, subjects could discrimihale a nohoccurfmg seHiencc from an occuiring one 
by rccogrii/.ihg that tf^sevt-h^se|rehce story had not contained a word ^ippearing . 

"in the tljst seritcnVe. They ^plilaleU Levy s research with a more demandin^g 
comprehension lasfc in which distractor items contained agents and. actions con- 
tained in the ongihiil story. Under these conilitfons.: comprehcnsi^on suffered 
vvhch couhtiiig was required. Together: experiments in this line of research can 
be taken ^> sijggesl that couililng wJiilc reading lor comprehension is interfering 
to the extent that detailed word-specific comprehension is required. Va^uc 
knowledge of what was read remains available. • V 

Another line of evidence tor speech processes in memory arid comprehcnsidri 
ci>ifu s from cicciromyogruphic (EMG) studies. For example, Hardyck arid JIfct- 
rinovich (1970) found that whcVi subjects were required to riiinimi/.e jhcji^covert 

,sirbvocal activity by monitoring a visual display of their laryrigeal EMG, their 
comprehension of difficult passages suffered. The EMG procedure wavalso used 
by Locke and Fchr (I97()). who founcj; increased labial EMG activity during the- 
writien presenilation ami silent rehcarsa[ of words coritairiirig labial cbrisoriarits. 
'While sabvt>cal processes may be related to coriipreherision. hc9KV'evcr. suppres- 
sion of subvoc^al activity may not be sufficient ti^ eliminate speech processes. Iri^ 
addition lo the Lcvy^ research described previously, there is work reported by 
Baddeley and Lewis (1981) <>n sentence judgriierils. The relevant suppression 
result wa.y that subjects coulci perform judgments of sentence nie^ningfuln^ss 
while coiinting without significant losses in decision times: There were losses in 
accuracy during supprijssion. however. The fact that decismn times wcreiinaf- 
fected/by suppression iiriplks that. suppression effects may be rcstricfcd lo^mem- 
ory rasks and are absent fn comprehen?^in of sentences. -Thu^. when ^subjects 
ha^e only to process li sentence suiJ<siy^ly to decide whether.it is m^^'aningful. 
siippressioil of sUbyoc|t speech has no effect. -qn how quickly a decision Js 
reached. However, error probabilities are increa>!W because the subject some— 
tiriies heeds a icmpbrary memory sapport io reach Sdeciston and the suppression 

. task has made the iirticulatory loop (Baddeley & Hhch^. 1974) liftavailable. 
More surprisingly. Baddeley and Lewis (1981 ) r:p6rt that rhyirie judgments of 
pSeudowi>rds are unaffected by suppression {freiaffie and phre/aim).^ Since ribri- 
rhyming pair>» 'were similar in spelling, tliis task 
peri'ormcd by strictly visuaj means. Similarly, sut 
pseudoword was pronounced like a real word 

suppression. Of course, what is sujprisiag^bouf they appear 

bjlemoastrate that an osten.»iibly ph»ffemi^ t^k :m \K peifonried at no loss 
wmle phon^ic mechafiisrns are occupied wijh^M^ Teh product 
kleiman (1975) had founds that rhymingrf^tjecisSi^yere slowed down wWlc 
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subjects perfbrraell digit shadowing. Baddele^y and Lewis (I98I) «>aggest thit 
such results may be found only hen the vocalizing task demands centrai pro- 
cessing resources, in conirajit-tp a rpere articuiatbry joop: Digit shadowing, but 

' not counting, they suggest, is. a jiicely user of such resoutres. 

Taking (his interpretation, there arc three classes of conclusions: (1) RJiymiTig 
is not a phonemic process; (2) counting aloud is not^^phonemic process; and (3) 
rhyming and counting do not occupy t^e saific phbnSnic pr^b^ 
is the only conclusion agrJeable to common sense, wc must aisume that rhyming 
and counting are very different in their phonemic demands or. that time sharing 
between: the tasks is possible. In fact. Baddeley and LEwis (1981) suggesuhat 
rhyrning decisions and relat^ processes in silent reading bf-Jente rices {Rude 
Jiuie che\\*ed his crude sreyi'eauooU) irivblve acoustic images. These ifriages are 
not the speech processe.s that afe used in subvcnralizirig arid that Jire suppressed b^T 

: counting. , 

We return later to speculate bri properties bf this iriiage.' At thjs'pbirit, we 
suniriiarize the state of affairs cbricerriirig cdmpreherisibri ^d m^dry. Sub- 
ybcalizalibri appears to play an impdftarit role Ui nieniory for verbally encoded 
uriils, wfc.ther they are single letters or entire teX^v^provJded the subject's inten-r 
tibris br the materials make the membry demands nontriviaU This role is alsb 
sigriificarit iri readii^ when comprehension demands are exactmg and the text 
requires sbme iritegratibrv of sentences (Slowiaczek & C]iftbri,V i^80), but not 
whSri only vagUe gist i.s required (Levyi 1978) or when a singlcUcntence has to 

judged (Baddeley & Lewis, 1981). This'generalizat|on depi^ds on the 
sumpiibri that subvdcaliiatidn is successfuHy suppressed Jg^ counting, b^^^^ 
quite consistent with the.EMG research, particularly* the finding that comprehen- 
sion df<iifftcult texts bat not easy ones is facilitated by subvoca]izal^ip.S,(Hatd^t^ 
^ Petfinovlch, 1970). ^ - 

AN AtTERNATlVE P^RSPiei^ 

/ < REFERENCE SECUjBLNG AND AUTOMATIC 
PHONOLOGICAL ACTIVATION 

if; as our evaluation of the eviderice suggests, cbmpreherisibri ari^^rtiejtlbry, if 
Sot lexicakaccess, make u.se bf speech prbcesses, there reinairi^sbmeUntejts^^^^ 
problems.* What are those speech .processes like? Wheri db th(^ b^iir? What 
function do they serve? We consi3ehribw sbriie arguments ^bripeming the, last 
^^^wo of these questions-. ^: ' * ^ ' "' 

A. Reference Securing ^ \ , 

In principle, it is possible Ip have re^atlirtg^withoUt speecli'prpcfesses: certainly^^ 
larigiiage uriderslaridirig by machine ^tiionstrates this. For example, speech* 



S|>«#€h Processes in Reading 24 

pRKesscs arc hot hirccssary lor language priJcessing by artificiaj systems for 
scritcrice rcpresL'ritatio;!; for example, ACT (Anclerspri, 1976), direction, follow- 
ing (Winograd, 197^), afid stoiy understanding (Schank & Abelson, 1977). 
Furthcnliorc, there is, as far as we know, no such system that uses speech 
proepsses in any role >it all. The reason is riot justthat the prbbleriis of these 
aniricial intelligence (Al) systeills are dt^'iried at a'ebriceptUul level instead of a 
speech leVel: It is that problenis of reference are "hanllled by a^^^^ that 
processes have unlimited aeeest» to memory Idc^tibris. The prbblerh (>f what a text 
is talking abodi is handled in different ways that vary in their reliance on cbritexl,- 
syntax, etc., but they tend to; share the strategy of leisurely, repeated access to a: 
data base. As a rule* inforniaiion in a data basd in indexed through spellings. 
Thus, there arc invariant error-free access rc)utes:;js well as no riiemory restiie- 
tions. 

This perspective is Informative because i^ makes clear thav speech processes 
arc not logically essential to comprehension of visual: language. Speech may have : 
ontogenetic priority to prinr but it has no logical priority: / 

Consider jtistead a system that has some very acUte Irhiits to its resources: It 
does not have the luxury of unlimited continuous rePei^al to itsxtata base nor canf ' 
it entertain an unlimited number of hypotheses about what it is that it is trying to 
read and understand. Both Iimitati5)ns exist in notjnai reading by humans (al-: 
though certain time-cohsuniihg code-breaking ^otivities might resemble machine 
language processing j. TKe key problem, a^ltl]pugh it has to do ultimately with 
* resource liriiilatioris, can be described as -a reference -securing problem. In order 
tq cbriip.reherid language, words -or phrases niust be cdririected with cbriccptuaf 
.cibjecis ti) cbrisiruct rriessUges. Lexical access is necessary to accbrhplish this but 
It may riot always t^e .sUfficierit3*»Thal is, Goricejslual arid serriaritic.iriformatibri is 
bbtairied I rbrri. lexical rrierribry but sec tin rig its refe re ripe -requ ires tRjth access arid 
rctcntibrt. * . ^ 

T() see the problem, imagine a reader who, while rcadirig a passage bri rriid- 
nineteenth centurj' American presidential history, encojinters the sentence 
FiUmore uppvurvd to haw em/n^h inflvu'm e ro forge a corkpromise in the Sen- 
iiiv. bexical access, providep&c^ semantic infofrnatibri sUfficierft tb cbristrUct ' 
sentence meaning, for exampleT an ordered list of nro^sition^. take jUst the 
case of the first word of the se|i|cnce, the inforrna^ion could be represerited as ii 
list of features: for example, j 4.name,, + U:S^ President, -f ninete^enth ceimii^l. 
This is reasonable but impreci.se as far as' reference is concerned: It allows 
interpretation but It does not secure reference. That is'^there is nothing to preVent 
siitjsequenl access of Jackson, -fierce, Harrison, or Tyler instead of Fillmore. (5f 
course, when asked to rec£HJ what was1'ead,-a reader will often produce eSors or 
show difficulty in retrieving a name. Furtherijiorc, where meiriory for gi^t rather 
than memory for words is typical, reference securitig'ls perhaps less of a prob- . 
lem. ' • . • * ' ' - • / ' 

Hbwevei", we assurrie that the rriariy occasions when a reader h^s a . fairly 
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complete record of what was reatt means that rcfercnce-securing codes are often 
constructed. /For exarnple. verbatim memory for read texts is high for die most 
recent sentence (Gbldmari. Hbgatxjarn. Bell. &.Ferfetti. 1980): There are aMeast 
two ways"tH{s rnight be accbrnplished. Orie is to assume ^hat more elaborate 
.semantic encpding secures reference. In the Filimore example, the reference- 
securing code cbUld include the one who W^_Pn^M^P^*_ or one 
whose name is the same as a iinguist. Such reference-securing codes would 
liriiqUely determirie themame needed, provided that memory included the needed 
data. This solution eliminates the need for hojding on to a name codeu It allows an 
abstract semafitically based reference code by which^a name can be reaccessed 
when necessary. A problem with this solution is that for words other than parries, 
especially for words other than nouns, it become^ awkward to_bpecify ahead <if 
time what semantic information is suffioienrfoPfsecunngj^fe^ce. This seems 
trtie. for example, of the other words from the FiUmore sentence, -including 
appeared, have, enough] and influence. In fact, it is not until the word 5^/iar^ is- 
encountered at the end of the sentence that a reference seeriis to bejestablished in 
which these words, or their case assignments,' riiay participate. Influence, forge, 
mil compromise will turn out to be links between Fillmore m^^Senate in an 
understanding of this sentence. The point of this example is to suggest that even 
after iexicai access there is reason fbr at least soriie reteritibri of riariie irifc^a- 
tion, or what we have called reference securing, arid that although sernahtic 
specification will serve for sorrie words, it wTTl riot serve for all wbfds. 

Problems of postlexical nariie access, are greatly reduced provided phbnemic 
codes are available — even if they are fragrrierilary, Foi- the Fillrnbre example, 
suppose the code was exparfded lb iriclude riarrie, + U.S. President, + 
nineteenth century, Just having infbmiatibri about the initial phonerne 

greatly increases the bppbrturiity bf reaccessirig '"^^^'^ °"j9°^iy 

specifies it. In cases iri which the dbrnain;<>f possible lexical entries is larger the 
code would require riibre infbrmatibri, Fbr example, if the next sentence in the 
history text exariiple were He was e spec lally couming on support from Missouri^ 
the Missouri code shbuld ri^ad at least [+ nartle, + state, + /mlz/. ../j to ^sure 
errorless rcaccess rather thari access to Michigan of Mississippi. V/c propose, in 
gcrieral, trial sbriie phbrierriic irifbrmatibn is part of the code hej^_'"J"^™°^_?* 
least briefly follbwirig lexical access. It allowsj^^^^^ 

further semantic processing ^nd, perhaps more importaritly,' jt provides a 
reference-secured code to be connected to words not yet encountered. 

This type of phonemic reference securing riiost- likely applies only to i:priterit 
words that undergo somewhat extensive seriiantic encoding. It is possible that; 
auxiliary words and determiners {to, the) do not receive such phoneriiic prioccss- 
ing. Since their function is more syntactic than semarjtic, there would b^ rib need 
to secure a reference to a specific lexical entry. Function words serve primarily tb 
coordinate syntacticaily items that require such seriiantic pnocessirig. There is 
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evidence Irom eye-nioveiiieht sAiclies suggesting thai syntactic function words 
are hot processed the same as content words. Nouns and verbs tend to be fixated 
more frequently 40 d for longer durations than furielion words (Rayner, 1977; 
Zargar-Yaz/di, I973t. In addition, Bradley J I978r found that lexical decision 
times tor function words were uriaffccted by frequency, unlike decision times for 
cbriterit words. She suggested that function words ' are recognized by a 
mechanism that is independent of that osfed for content words^ Function words, 
then, do not bchiive like content words as gaaged by two basic measures of 
reading, eye fixations: and lexical decision times. We might expect, therefore' 
,that function and content words also differ in other processing they receive, 
specifically referi^nce securing and: phonemic. activation. 

According to the argument we have developed, lexical access can occur- with- 
out prior translation of graphemes into speech. The need for securing rcferer^ 
during comprehension makes'it important, however, for the reader to have access 
to word names; at least for sometime following their initiiJi lexical look-up. The 
evidence from fnemory and comprehension experiments rs, in part, consistent 
with this assumption. The final step in the argument is again a logical one. If 
name codes are useful and if phonemic inforrnatidh allows their recovery , then a 
system that obtains such information at lexical access is more efficient. than brie 
that tloe?> noh-lGf course, a cbntiriuously available text that allows regressive 
fixations to reaccess words also serves this furictidri. However, it does so irieffi- 
ciently compared with a process that rnakes phdrieriiic iriforrnatidri availabfe with* 
initial word access. We suggest that reading ridrmally irivdives the automatic 
activation of speech -based codes during lexical access. 

• 

B; Sketch of a Mbd^l of Auibmatlc • ^ 
Speech Activation 

We present here the form of a model in which spee^^h codes are made available 
id the reading prdcess. The ftiairi assumption is that, comrary to the simple view 
of direct "access versus mediated access of Fig; I, phonemic translation always 
takes place. It jUst happens Id lake place iiometimes after, and other times before, 

diher irifdrmatidri that is/Stored with a lexical entry is activated ^ 

^ FigUre 2^tl1u.slrates the important features of jhis model as a temporal and 
structural display of^wh'atMs available to the processing system: The horizontal 
time line di.splays events over a brief time frame; less than I second for a skilled 
reader and a mdqierately difficuii tcxt:The model does hot ,show separate process- 
ing stages corresponding to;/for example, visual stores, short-term memory, arid 
long-term memory. Instead, it.assumes a coritiriually active word processor that 
begins with the actiVaiion of a single word arid cdritiriues with the activatidri of 
subsequent words. v ^ 

The .sketch^is read rightward and downward frorii the starting pdirit at the uppfer 

' ■■■'.> " * 

.J' -■• ■ ■ 
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Figure 2. Schematic view of an automatic speech activation mode). Visual perception of letters 
uctivute*^ both wordslind phonemes consistent with the current status of letter identification. Follow- 
ing Rumeihart and McClellajid ( 198 j ). there is feedback (e.g.. V/ord-io~letter and wbrd-iq-p^^ 
US-well us feed forward in this process. Automatic phonemic acti vation_DCcun> during this process and 
as a result of a word identirication decision fcing made (center bbx)^ Thus.^ wd?^ *L^"_-^J5^"i!_n^^ 
before phonemic activation has achieved a high level, but not without some activation occurring. 
Continuous processing of iWc word (ccrilcr box) and repixKcssihg it as part of a word string (bottom 
right box) maintain phonemic activation. The processes are continuous (the boxes are not stages) and 
semantic analysis does hot await'^specch ihTormatidh! 



left comer. Visyal inform at ibh initiates processing by activating elements of a 
lexical memory. The firit ericlbsed box indicates mutual activatibri "of words, 
phonemes, and letters. Rumeihart ancl McClelland (1981) provide compelling 
reasons lb assume that this part of the process is intef;actlve. Recognition of 
letters activates wbrd candidates consistent with thern, including those not yet 
fully "recbgnized ■ at the letter level. Thus, a word identification decision is 
interactive iii that activatibii flows continuously both from the letter level tojhe 
word level and vice versa: Also available to the identification process is informa- 
tion already obtained from the text: Tints comprehension outcomes are fed for** 
ward to lexical look-up, further strengthening activation of some words at the 
expense of others. Some interactive processes of this sort are assumed by 
Morton s (1969) iogogen model and have been assumed specifically in dis- 
cussions of reading processes by Perfetti and Roth (1981), Stanovich and West 
( 1 98 1), and others. — y . . ^ 
The key assumption, however, is reflected in the connection between the 
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phoneme level and ihe word level and between the phoneme level and the letter 
ievei; if the Idcntincution process is slow; perhaps because the reader is not 
highly skilled or because the word is unfamiliar, the phoneme level is activated 
by ihe letter level before the word decision is made. This means that some 
phonemes; not necessarily all, are activated -and the activated memory codefgr 
the word will include those activated phonemes. If the word decision is reached 
fairly rapidly with feed forward from leiters, iheh phoneme activation will follow 
word identification. But follow" in this context may be nothing more than the 
few milliseconds during, which the eye is moving forward to its next fixaiibn. The 
^critical assumption is that some phonemic information stored -with the word has 
/ been activated by tlie'iime the neXt word is being processed.^ 

This state of affairs is represehled by the iiext downward and rightward frame 
, of Fig. 2: The activated wctrd includes phonemic as well as semantic feature^. 
The word activation loop represents the pptehtPdl for cbhtihubus reprcKessihg of a 
word as ah auditory 'image, hot necessarily as a covert articulation (Baddeley & 
Lewis, 1981). 

The next frame illustrates the activated lexical contents following two more 
word ic|ehtificatibhs. All words are. activated simultaneously and are indexed by 
phonemic information. We assume' that there are deactjvation functions for the 
phonemic activation and the activation loop helps retard this deactivation^This is; 
a function served by phonemic coding; An activated phonemic code reSBces the 
heed to reaccess the permanent memory location of the word; it is kept in, a state 
of activation as long as It i;^'lieetted or until processing requirements (e:g;, a 
difficult long sentence) brir/g about its deactivation; Regressive eye movements 

may then be require^: _ _ _ _ 

' H should be stressed that such a model does not postpone semantic analysis: 
This is not a mere verbal rehearsal loop, it is:, rather, a continuously updated 
verbal processor that immediately tries to build semantic representations. How- 
ever; the verbal processing includes activation of phonemic^ features as well as 
semantic ones. The phonemic features, together v^ith the seiriantic ones, aid in 
securing reference. ^ _ ' 

At this point, this model constitutes a reasonable proposal for elements of ah 
automatic speech activatibn model. There is little in the w^ of direct evidence 
for it, however, because experiments t^at demonstrate such activation explicitly 
within the framework of this model have hot been conducted. There are, how- 
ever, several studies suggesting the existence of such autprn;^tic activation. 

Using a backward visual masking technique, Naish ( 1 980^ presented sih^le-^ 
Avbrd targets fbr io nisec, fbllbwed by a 20-msec initial mask, either a word of a 
pseudbwbrd, and finally a random feature mask. The key manipulation was the 
relationship between the wbrd target and the Word or pseudoword mask. When 
Naish used targets and masks that were so similar so as to be almost identical, 
either >^isually or phonological ly, he found that the masking effect was-reduced. 
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y ______ * , 

He argued that masking dismpls iddhtificatidh of the target l^y dverwrilirig the 
outputs of the feature detectors. Whe n the information in the mask is cbrigruenl 
with that in the target, either visiially of phdndldgically, dverwriting does not 
disrupLihe target irifdrmatidri. By malipulating phdndldglcal similarity indej>e^^ 
deritly df visual similarity (using nonv/ord masks), Naish showed ^^a^ phonologi- 
cal informatidn was activated and ijiaiiking was reduced even^ith target presen- 
laiidris as brief as 30 msec: (It should be noted that since the mask in ijuestion — 
visually df phdndldgically similar — was itself masked by a randpm feature pat- 
tern after 20 msec, subjects were not relying on guesses . about target-mask 
relationships.) _ __ _ * • 

Similar results suggesting automatic activation of phonological inforination 
were found in a very different paradi^;m. Using rapid serial visual presentation 
(RSVP) of sentences at a rate of 12 wiids per second, Petrick and Potter (1979) 
tested subjects' ability to^deterimine whether a probe word had occurred in the 
presented sentence. Subjects made most errors when presented with p :dbes that 
had not been in the sentence but wer; semanticalLy similar to words that had 
been. PhonoJogicaliy similar probes ir duced significantly more errors than did 
unrelated probes, however. Probes wen; 
final word, but this delay had no ef 



ect oh either phdridldgical df 



distractors. The phbhblogical effect seems to be geriuirie, since iri tjje RSVP 



method, each word visually masks the 
controlled visual similarity as rmich a.' 
case and prbbeslin upper case. They a 
touhd that phbnplbgical distfactdfs, bijt 
cantly more sibwiy than cdrilfdis. Thus 



presented eithef 80 df 240 msec aftef the 



previous drie. Petrick and Fdllbf (1979) 



semantic 



possible by printing senlencesOirt Idwef 
so pfeserited visUaljy si ffiiiaf probes and 
ridl visual dnes, were rejected signifi- 
similaf phdndldglcal shape had an mter- 



fering effect irideperiderit df similar visual shape. These findings suggest that 
phbnblbgical ihtbfitiatidh is rapidly^ act 
I second df sd. We lake these findings 
phdridldgical infdritlatidn. We further 
viewetJ, that have merely manipolated 
this propdsal: 



vated arid remains activated for at least 
as evidence for automatic afctivation of 
suggest that studies, •iuch as tSose re- 
subvocalization, are. not sufficieit to test 



0. Suppression and Vocaiiiation Reconsidered 



The studies that have requintcl subjectTtb count albud df erigage 
vocalization while reading have ifrip^citly assumed that read i rig- felevarii' sp 
processes Were being bccupied by i the vbcalizatidri task. iThis may be a n ii^taken 
Dassumptibri. Tiiere afe l^d feasdhs fdf this ddUbt. Qhe is the possibil ity that 
vbcaiizatibri tfari be tirile-shafed with reading in such a way that speech pr|>cesses 
activated by readirig occur desp le Vdcalizatidn. With few exception , .such 
studies have riot measured the qiplity df subjects' vocalizations to ensi re that 
tradc-btfs tnitwe^ri readirig arid vocalizing wefe not occurring: On the othej- hand. 
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one mifeht suppose that siich simple rbiitihe activities as^cbunting v^ald not'Show 
any performarice decrement under any circumstances, so that this is a spuriqqs 
riiethbdtilbgical concern. It may well be if our second reservation about^p^iiza- 
tibri is ia valid biic. It is possible that vocalization does ?Jot sappre^ speech 
activity^ during reading because sdbvocalization is not the critical speech 
mechanism bf reading. ' _ 1 _* f _ ^ 

One interpretation of the speech mechanisrn of reading, is that it is^but the 
palest copy bf a speech process under most circumstances. Under mor^ demand- 
ing circumstances, it begins to ufce speech production processes' cliarabtc^ristic bf 
vocalizing: We suggest that an activation continuum can represent thisistat^bf 
affairs: Kx the loxyest level of activation, abstract phonemes are represented. The^ 
abstractness here is critical because it means that vocalization is not irriplied (or 
even possible) increasing activation brings motor commands to hear threshold 
level. This is the level at which EMG recordings reveal ev?<lence/bf specific 
speech muscle activation. At the highest level of activatibh the: speech mbtbr 
commands arc partly executed and a sub vocal speech sburid is produced. Actual 
vocalization is tlie highest level of activalibri, accbmpariied by exjjiicit xnptbr 
commands for voiciirg. this activatibh mbdel is schematized in Fig. 3, Uiiderly- 
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threshold model of speech aciivaiion. Speech analog activity (e.gj. vocalic images) 
hold levels whereas subvixriil arid v(Kal speech are abt)ve threshold. 
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ing this view of aetivatior 
modeled by nearal models 
the neural raotpr activation 



arc the assumptions that speech processes can be 
n principle and that covert processes share sbitic of 
patterns required by speech. The abstractibiii of the 
irhpiicit neuromotor :prbces| needs to be tmphasized, however, since it is riot 
dem6n,*>trated by ah activation m^del directly. The i-easbri that vocal suppression 
may riot affect these loW-llvel abstract codes is^that the siippressibri is of the 
mbfbHc activity, not ih^ neural speech activity. The speech code it'seW coiild be 
quite iictive arid he rice '5 vail able tb the reading processes. Indeed, one *mighl 
assume^ that vbcalizatibri iricreases the level of activation and is then Q^fol to 
readirig, except when central processing resources are used. Sujjpression vjiw 
irilertere witti .subvocalizatibri, n^l with phdriemic activation. ' l 

There are eriipirical reasbrls to dbUbl that supprcssiof^tasks necessarily lower 
photierriic acliv^libri i^ r^atfiiig. We h^Ve already reviewfed thejstudies ^f Bad^ 
deley arid L^wis|'(I98n hat fburid that the lime to judge meaqingfillness was not 
affected by cbti riling. The fact th^l ^ors did increase with counting shqajd caasq 
pause with their imefpretation ftiat speech processes^ are^not involved in reading:: 
Indeed, we can suggest tfiat ctrroxsJ increase Because mei^ory kanning is aid*d byi 
.subvbcalizatidn and hincired by counting, and that 'trme is not affected becau$e! 
the processes Jeafeng to comprehehsion do npt depend on sub vocalization but on) 

phonemic prdcesies. :^ [ ' ' ^ ^ • | 

V Another empirical reason tb doobt >that vocalization suppresses the relevantj 
sj^ech processes h its fiiiiare|to affecprhyn\ing*judgnients (Baddeley & Lewis, 
1981). If rhyminj; is^not 
honeinicaiiy relevant task in th6 sense iniplied by a phbnerne^activatibri riiodel 
bf reading: | 



Cbhsbhaht^ and Vowels in ttw 

Consonants, and|v6wel5 rnaj) no^haye equivalerit status iri^he phbrieriiic code 
ised m reading '1]his hypothesis is in part b^sed bri-their urijsqual iriformatibn 
status In English* |the uncerta1nty:.reductibri- carried by a particular cbrisdriarit is 
much greater than fiat of a particular ybwel. This \s trije^wtlh resjfecl to syllables 
and to multisyliabil wbrcl.s. tb'cbrisider agairi dUr rjpference-securing argurnent, 
lt\the phonemic cc^e for a wbrd is iri any way impo^^rishe^^ :^ill be more 
infprrriative abserit jits vb^vels llj^ri 'absent its consonants:^ This fact ii» not jarae- 
: lai^ ib ;ih|^ wcli knbvv^ ebftteki-de|5ebdent rtatare^f consonants in spedph ^r- 
ceplibri. Cbrisbnari^s are at once [he most infomVatiye and least perceptible 
speech segriienls. (However, their lack of perceptibility is not s(brions because 
this is strictly a riiatter bf the cdmeixtual variance of the acoustic. signaL) ; 

There is a .secbridl related reason to propose that consonants play a special role 
in readirig. Besides beirig irifbrmafive, they do notji^ve acoa^ic dura^^^^ 
els, of course, db have dui-atibn and if apremium is placed on rapid processing in 
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reading, then there could be ah advahtage--fbf a cdhsdhaht-biased code. The 
activaiibri of the code is auibmatic arid, as process! rig rapidly proceeds, thei-fe 
. may be bril^ri abbreviated' phbrieriiic code. Wheri'the grocess slows dowri arid 
refereri^ is ree^ariiiried, riibre of the code may be activated. 

Ori the other hand, jherc is ample evidence that vowels are prominent in 
shprt-ierm memofy. THP* short-term memory paradigms that provided evidenced 
for phonemic cbnfusions were based/&n vpwel similarity (e.g., Conrad, i964, * 
1965; Wickelgren, 1965). Even in ffhinese, Tzeng, Hang, and Wang (1^77) 
repim tHbi when subjects have to remember either a sentence or a word list, 
confasions 'weq: greater for vowel similarity than for consonant similarity: Such 
differences coald represent the disiribaiion of* segments oyer an acoUstic event. 
Vowels have duration; consonants do pot: Two syllables sharing con^nants but 
differing in vowels have a more perceptible distinctive cue than two syllables 
sharing their vowels but differing in their consonants. This is especially likely in ^ 
memory tasks and in comprehension tasks with comparably high demands in 
prd^cssing. These would include sentence judgriterits o^^prds that repeat a 
vowel, as m RedtieadedNedfedSinWd (Baddeley Hit^7l974) or Rtide Jude , 
chewed his crude :it¥\ve^^ 1981)7^ - 

TheK^uestiori we have raised iri this sectibri is the nature of the speech cbde^ 
used in reading. Actually, very little alterilibri has fee ri paid tb'this qUestibri, with 
most cxperi merits reflecting nothing more specific than the assumption that 
vbwel sounds or, riibre typically, entire phonemic word shapes are involved. The 
latter assUriiptibri is reflected ii^ the woric bri lexical decisions previously discusse^i 
that enlplbys hbmbphbriic manipulations (e.g., Cbltheart ef at., 1977). The 
vbwei assumptibri is reflected in the work of Baddeley arid Hitch (1974) arid 
Baddeley arid Lewis (1981). Other research has focused bri suppression of vo- 
calizatibri at the experise bf any assumptibris,at all cbricernirig the riature of the 
sptfjch code. 

A useful description of the code is a rnatter for farther research: PorjiQw, we at 
least assahie that the phonological segm^irts activated during silent reading arc 
not a simple replica of the acoustic* shape of the SF>oken word. The code may . 
incline consonants, especially initial ones, Priority to initial segments is made 
piausibie by their value; as name code indexes. It is alsapossible that_features at 
the articulatory level' are activated. It is consistent with the decomposalt^le charac- 
ter^of phonemes to assume that such features as place of articulation are part of 
the phonemic code. . 

In sumrhary, we have suggested that cbrisohants may be part of tfe4>hdriemic 
code activated during reading. This suggestibri has a plausible rationale based bri 
the distribution bf inforihatioh arid the speed of processing, both of which favbr 
consonants over vowels. A prominent role for vowels is required by riieriibry 
evidence, however. Although it is ribt cbriipletely clear how tb recbricile these 
two pbirits, it is possible that activaiibri spreads frbrii cbrisoriarits tb vpwels; as the 
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degree of activation increases because of task demands, vowels take 
increasing prominence. 

• _ 

E. Experiments on Tongue-Twisters t ^ 

Although' direct evidence for most of these suggestions is not available, we 
summarize here the resiflts of sortie relevant experiments. 

These experiments were designed!, on the assumption that reading activates 
initial cbrisbnanls in words. That is, we assume the nlinimal degree of act 
includes some intdnHatidn about its first segment because this provides an in- ; 
fdrrhatlve name 'cdtie inde?tr^*inhe name is activated^y the interactive letter 
identification process shown in Fig: 2, its initial phoneme segment is also acti- 
vated. A second assumption is that the importance of the inkial segment as a 
'name code index ijiakes it vajnerable to phonemic interference. Its 'distinctive- 
ness as an index is threatened when .other words to be read share its initial 
phoneme Finally, we assume that place of articulation features would be 
activated as part of the phonemic code. Phonemic interference might affect 
not only •specific consonants but cbnsbnahts that shared a place feature; for 
example, f\J and /d/, /p/ and /b/, or /g/ and f}fJ . _ ^ 

Examples of sentences used in these experiments are shbwh iF^l able I. There 
were three types' of experirtiental sentence — bilabials, alveblars, and velars^ 
plus control sentences. Subjects in these expenmerits were required to decide 
whether sentence? were meaningful. The experimental sentences repeated initial 
qonsonants and the control sentences did nbt. Sentences that were not meanlngfu] 
wtre syntactically well formed as much as possible so as to necessitate semantjc 
analysis. Sentences wei-e cbhsimcted in sets of four, one of each consonant type 
plus a contro;! sentence, with syntactic patterns remaining as constant as possible 
across sets. Furlhermbre,~feach cbhtrbl sentence was a semantic "\a^ch to one of 
the experimental sentences (see Table I). Thus, the only systematic difference ' 
between experimental and control sentences was the repetitibh bf the. initial 

consi3nant. ' -_ - '^^ - 

In addition, there were vocaTizations^tasks designed tb involve sj5ecific 
phonemes corresponding to the consonants repeated in the experimental sen- 
tences: Thus, biiabiai subjects vocalized repeatedly a phrase containing the 
voiceless bilabial. Pack a pair (^purple pampers. Alveolar subjects vocalized a 
phrase containing the voicefess alveolar. Take a taste of tender turtle. Velar 
subjects vocalized the voiceless velar phrase, Ca/c^ the crumbs of cocou 
cookies: All subjects read all types of sentences: bilabials, alveblars, velars, and 
controls. Ail subjects read half the sentences while vbc^lizirig one bf the three 
consonant phrases described previbusly arid half the sentences while vocalizing a 
control phrase having riiairijy vbweis, 7 owe you ah J.O.U. In the context of other 
research using vbcalizalibri', a/'cbritrbl" suppression phrase may seem odd. We 
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Tabk I. H\anipleN of langiic- l wislcr Sentences" 

^ Consonanl' ' _ : 
lypc : Exariiple . 



**Ycs*' Hil;^bial ^. Thr ffrt'ys fmhTishVii Oic poem anil firifmi.seil To fmy for permission 
A i ve () i u r Thit' dt'iective d isi o vercd I he Juniper a mi Jet ideit to d / 1* for details 
.Vcl;»r ifiv \:irl,}irVvtyd the li nests iind j^rifOied to cdfni their id res ^ 

Neutral The investigator knew the hoziird tind 

"Nt>** Bilabial Tfif puppies pnzzied the penmsidd dhd processed to please for paper 

. .. I 

Bi labia)* The ifrdnze hars M'cri' hron^ht in hd\is tit the hiihtt 

Alveolar His udf tales were taken as truth hy the twins 

Vclaf The xds ( dns were rUdrned its the cause of fhe i rash 

Neutral Hjs e.\a}:\ierated stories were helieved hy his sons 

**No'* Velar The ground cloths were concentrated as the cart of the eode 

* : ._' : : — : : 

— 1 — J i — . . 

" hrom McCutchcn (1981). v-* . 

• - 

have suggested that vocalization itself may hot be relevant . however, for speech 
pHKesses iiuring reading, ^xcep^ insofar as it occupies speech codes at the level 
.thai they are used in reading. Furthermore,, we imagined that cdhsdnah^s specifi- 
cally were activated so that for each subject group the difference between the 
LHTect of ■ the two vocalization phrases dh particular- sehtcrices wduld be the 
critical coinparison. In short, the differerice between bilabial vocaUzatidri and 
vowel vocalization is ari"ihtrihsic vdcalizatidh factor, except as it interacts with 
pertdrriiarice bh bilabial' sentences. A similar logic applies to alyeblar arid velar 
sentences arid the alveolar arid velar vocalizatibri. / 

The results of these expeririierits have beeri cbriipletely cbri^isterit with respect 
lb the effect of cdrisbriari^repctitibri in the visual display, wHich, to Use a mixed 
metaphor, we refer to as the ''visual tbrigUe-twister effect." Sentences that 
repeat iriitial cbrisbriarits take longer than control sentenqes that are matched for 
serriaritic arid syritactic form In one experiment (Pert'e|tii & McCutchen, 1979^, 
the magnitude of the effect was about 320 msec for/sentences of five content 
words and about 120 msec for sentences of three content words. In a later study , 
McCutchcn (1981) found a visual tongue-twister effect of about 350 msec for 
sentences of five content words: Since the effect i;* observed with shorter as wt^ll 
as longer sentences, it is not an effect that depends on difficuk memory demands. 
The effect was sigYiificantly larger for longer sentences, howevers indicating that, 
at least, increased processing demands increased the ihterferehce effect caused 
by consonant repetition. 

Although these effects are dslerisibly phqherriic effects iri readirig, there are 
two alternative hypotheses to cdhsider. Ori^ is that, despite bur atterripts to cbri^ 
struct sernanticaily comparable seriterices, ihe cbritrol seriterices turned out to be 
mofe easily processed for some serriaritjc^asbri. Although it is difficult to rule 
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out all forms of a semantic hypothesis, on^ based on sensibility can be ruled aut._ 
An independdbt group of subjects rated the meaningful ness of the sentences of 
Peifetti and f^Cutchen (1979). ^hen these ratings were used i« a cpvariate in 
an Item analysis, the pattem of results rerriaHied ihe'liarne as originally. 

A second hypothesis is that tfie effect is visual since in most cases repeated 
phonemes were also repeated letters. There is evidence against this hypbthesia 
however. Some of the sentences used mixed cbrisbriarit ^ep«titibri; within the 
place of ariiculalibn category. That is, some sentences used arhix bfthe lette^ i^and 
p arid .some used a riii xbf^f arid riristead of brily pne corisbriariL Iri^cCutcheri's 
( 198 1 ) expeririieril this iricluded riiixes of three velars, c, arid k: The pattem pf ' 
results Was the sariie for the mixed cbrisbiarit ^jileriqes as for Urimixed coriapnarit 
seriterices. Thiis. there* is: rib itasbri tb accept either the seriiaritic br the Visual 
hypothesis at this pbirit. The visual tbngUe-twister efffectijeems to be photiemic; ^ 

The phbriemic source of the tongue-twister effect may ocddr as part of rf^'ef- 
erice securirtg during cbtTiprehension of a phras^: A likely pjace for extra process- 
irtg time is iri the activatipn of several words from the sentefaqe (ioyermost box of 
Fig. 2), althPUgh more processing may also occur at the ntitia[ activation of a 
word beyond the first one (middle box of ¥\%. 2): Because the' task reqi[re§ . 
precij^refeferice securing for each word, anything that makeTrefereDcq securing • 
mpfe difficult slows jtovn reading times: The interference caused by pfioneme 
repetition has thKr^nect insofar as tt requires more processing; for example, 
recycWng through tnfe^ord activation loop to hold word identities long eribugh to 
assess the meaningfuiness of the sentence. 

The resuits concerning vocalization have also been consistent, with brie except 
tion: The. general result has been that vocajizing task, dndse rite rice type do riot 
Interact. That is,. it does not take longei^to fcad a bilabiaf lentehce when vocfliz- 
ing a bilabial phrase compared with vocalizing ah alveolar of a velar phrase .ITlie 
exception was in the original alvgtilar vocalizatibri group bf Perfett^ arid 
McCutchfen (1979). The alveolar ^rctup perforriied rtibre poorly while ttadirig - 
alveolar sentences cbriipared wilji bilabials arid cbritri3ls, bUf this was detectable 
only, with a dual task rii?a sure. This riieasure takes iritb accburit both subjects' 
reading tirries and their flue ricy iri vocalizatibri. It is ari irtifwrtarit methbdblbgical 
point that vocalizatibri arid read i rig be treated as a dual task problem. The possir , 
bility that subjects cari lrade-bff, tb sbsS^j extent, high performance on reading 
with Ibw petforuiarice bri vbcalizirig should be taken seriously. (It is not soffi- 
scieril lb Ibbsely nibriitbr vocalizatibri perfofrtiarice.) That is vs^hat happened tb this 
original alveblar grbUp. However, this effect was not found for the bilabial group 
ribr was it replicated by the McCutchen ( 1981 ) experiment: Thus, in only one out 
bf five bppbrturiitifes has a specific interaction been observed and then only in : 
dual task pertbrmance and not in reading lime^ - ^* 

The conclusion most supportable at this poiffis that thSfe are tw^ saparate 
factors! ( i ) a phonemic factor reflected In the visual tongue twister effect, and (2j 
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a jiRKe ss i n g d i f t icu 1 1 y t at* tor re lice t e d i h Ih e suppre 5s ib h, e f fee L The ef tec t of 
viK'allzation bh teading timfes was larger for the cbnsbnant phrases than for the 
i:p.U. phraSe (McCatchen. 1981): However, Jiobjects who vocalized the vowels • 
a. c, i, o. w. in a manner that prevented use of letter names (/a^, /i/; ./ai/; ^o/; /□/) 
priidaced slower reading tinies than the consonant Koppression groaps (Perfetti 
McCQtchen; 1979):. This is consistent with the suggestion that vocalizing wiji 
affect reading' times to tfie extent that it niakes central processing (ibmands that 
compete with* reading: On a scale of processing demandK, we might sappose that 
coonyng is at one end and (perhaps) digit shadowing at the othei^ end; among 
^dSics that have been used to "sapprcssV vocalt^tion: Simple repetition tasks 
sach as "double^doabje " (Bamm &. Baron ^ 1977) would be on the low end of 
the scale and c\rflasks would be toward the high end; ordered / ow^e yov an 10tf \ - 
paik 0 pair d][ purpie pampers, s^nd /a/, /i/, /ai/,* /o/, /u/: Presi^mably output 
demands of ^ur tasks are high but the lack of/ input monitoring significantly 
reduces processing, * / ^ * * ► 

It may be that; vocalization has some spcecn-specrfic properties that have not 
yet been discovered. Perhaps: specific phortemc iblerference caabc produced,' 
For now, however, there are hb grojind/ for jiiibh a cbnclusk)h. Concurrent, 
vocalization does not aftect reading time in any specific way aside- from its 
general effect op pmcessing: Althdugh'^hifc haVe taken this to mean that reading 
.occurs wit^d^l; speech processes, it/cah equally well be taken to mean that ^ 
vocalizatibh does not iqterfere wfjK the speech pi-oce^es used in teading. We 
rake^several results^b. support lh(/secorid ijiterpretatipn, including t^^ failure to 
find iriterterence witli rhyming iiescisibns (Baddele^^ Lewis, 1^8 1), one of th$ 
most phbhen^ processed irh;^inable, arid the firidirig that it dbes ribt 'interact , 
with the Visual tbrigue-F^4stef^ effect. At thfc samc^^ lime, the latter "Comprises 
positive evidence fbr s^^e^h pfcK:ess^s diyihg reading. The*thbQght that such 
processes arc hot necessary is possibly incorrect, in light of the reference- 
securing argd men I, arya perjiapsi irrelevant, in light of the automatic activation 
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m. SPEECHKBpDCeSSES IN LOW LE\(EL$ OF , , - 

READIf<G SKILL 7 

- r • ■ / % 

To this E^iril, bur discussion hais assumed a reader of some Skill aiid fluency. 
The autbiio^ic activatibri bf speech cbdes diirartgjextcal access is, we siijgcfst, a 
hallmarfo*^)f a practiced reader who has achiev^Tly^ level bf skill. What* bf a 
child wno is learning tb read? Oj- ari blder child whb 'hi^\a ^ki|l jJeficKricy iij 
i-eadir^? Iri what foHbWs. we cbhsider speecii proce^^s iri feadirigjlisability br«. 
morcr ge ne ra 1 1 y , ambri g ch ijd reri df ^1 b w read i hg sk i 1 1 . , - 

.speech^ processes play an impboarit rd|e iri skilled readirig. it is possible that 
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' reacfi^ Ui.vilHiliiy is doe in par? to some failure of normal speech processing in 
- reading. J'he general^basis fqr such a link is ihSi speech processes suptwrt 

cbrapr^h^nsion and raiding without speech support would place cbmprehensidn 
> pmccsiies at nsk.T^^ extent that speech proces^eLassist efficient wbrd'iden-: 
Vaification; iftere is an additional basis for this link. There are twb pbssibiliiies 
' ibrtirfstem with'tfte general scheme of Fig. 2. One is that the lexical activation 

bfocess does not lead auibmailcally to phonemic activatibri. We refer to this as 
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.of ihp aciivaied ,^ech code and ihe iriability (bf strategy) to keep the code 
activated in ihe'wiiiS activation lo:bp ipig, 2). Nbtice that under the sirapler view 
of lexical access (Fig, 1), at^ least part bf this view bf disability do^s not arise. 

A. Th^ Rohactlvitlbn Hyf^^ 

• If phonemic activation is auibmaiic, it i.s difficult to assume that ij doeii not 
happen: Soted that direct evidence for auibmatic activation is in short supiily. 
h tbllowsithat strong evidence for ribriactivatibri for disabled readers is^lso not 
available. The^e is soine cliriical evidence that appears relevant for tfie issue, 
however. Patiiiits with, '-deep" or ^'phonemic dyslexia" (Marshall & New- 
combe, 1973; Pattersbn «fe Mafcel,_i977; Shallice & Warrington, 1975) show a 
syndrome (ionsisterit with a phonemic deficit at the levSl of lexical access. One 

• particularly lUlirig synH^tom is that such patients tend riot to read prohburiceable 
nonwords (e.g:, dake), often not responding at all to such \vbrds, iricbritras:t lb 
their systeitiatic errbrs in reading real wordsj(Paiierson & Marcel, 1977). This 

/ implies, not an absence of phonemic aciivaiioJi of the wotd l^vel, but jari iriaWHty 

; ib fbrm a prbriuriciatibn program based on letter-phoneme activatibri. Saffrari 
^ and Marin ( I977)'repbrt a patient who shows such-an iriabUity ib proribUrice 
ndfi words but whose reading perfornjance suggests some: albc-ii defective, acti- 
vation. Ori a task cbriSisting of matching an auditorily presented ribriwbrd to its 
wri&n cburiterpart, the patient's accuracy rose from 30% for bisyllabic nqn- 
wbrSs tb 79% for monosyllabic (e.g., vid, ved, vod) tb 100% when the 
alierriatives differed in initial phonemes (e.g., zdion vator, jator^^atory^ 
iriiiial phoneme. Which we suggest receives increased activation, wagimost avail- 
able lb the patient to match against the auditbry image, even though she cannot* 

generally activate the progrtun to articulate ribriwbrds. 

Such a prograS; of coii||&?is much mbre thari aciivaiion, depending on the 
ability to synthesize phonemic segments iritb ribvel fbrms. An rmj^rtani charac- 
terisiic of these patients js that they typically show signs ofj Broca's aphasia 
(Patterson & Marcel, 1977). Thus speech prodaciion is intrinsically disabled, 

, quite aside f?bm printed word recbgriitibn. A secondpympiotn of sjich patients. 

3 ' also of iSiter^ki, is that they bfien misread real words as semantically related 
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words rather than visually ^nd phonemicelly related words: For example r Patter- 
^ son and Marcel (1977) describe a patient whose semantically based^ errors (e.g., 
mifiu^ for hv^uiive ) account for the majority of isolated wofd reading 'errors. 
- Thus acSvalion along a semantic network occurs in the absence of, or prior to, 
.appropriate phonemic activation of the target word. This fact of general speech 
production dysfunction^ makes the nonactiVation hypothesis somewhat super- 
fluous. however. It is not that deep dysltxics simpjy f^l to have phonemes 
activated by visually encoded words; at least some of thcin fall generally to 
activ^e a hd/br«cbhlrbl appropriate spe 

In ah*y case, evidence from honclitiical populations is heeded to siippbrt a 
gehciuil honaclivaliph hy|X)lhesis. Tlie most reley^t evidehce comes from R. 
Barron. (1978. 1981) who has arguecf that low ability i-eaders may be<Ieficient in 
^Ihe use of a phonographic strategy. It. is hot cle^ ih whdl^hse this is a strategy, 
but* **phbhbgraphic** refers to the trahsfortt^iatibh of graphic ihfbithatidti into 
phonemic infdrthatibh (see also GlUshkd, 1^81). By bUr account,* strategic cbh- 
tral over phonemic activation is limited/arid Baitbh*s (1981) accibuht of the 
possibilities. for phonograph strategies/^ems cbh^isteh with this. - 

The evidence is .suggestive but not/compellihg. In one ^xperimerk« Biit^n* 
(1978) fourtd that le.ss skilled youtlg readers did hot" take longer tb reject 
pseudohomophones (e.g.« brane) W2i lexical decision task: This contr^ts bdth 
with adult Readers (Coltheart. 19?^) and with skilled readers (Barron, 197^).; - 
Because the less skilled readers dig M make more errors to pseudohDmopHpnes, 
however, this experiment does not provide strong evidence'against phonpgraphic 
processes of less ski! led readers. A simil^ conclasion applies to the difference 
between exception and regular words. i£ess skilled readers in another of Barron *s, 
( 1980) experiments did not shpw the speed advantage of regular words in lexical 
decisions shown by skilled/readers, but they did show an accuracy advantage. 

in a later experiment, Barron (I^SIJ^found that less skilled readers showed a 
speed advantage for regu^r words comparable to that of skilled readers when the 
nonwords were illegal /letter, sirihgs. Overall, Barron's experiments, do not 
suggest striking consistent (iifferehces in word access prbcesses bf less skilled 
readers. Certainly thcy^are slbvyerand more errbrful in making lexical decisions, 
but they db hbt seerh l^S be unable lb have phbhemic codes activated by print. It is 
pN^rhaps ini(x>rtaht t(^ note that even with a cbrhpletely cbhsisteht pattern of 
results, leiiical deci^bh data bf this type db hbt compel a cbhclusibh cbhcemihg 
activatibr? bf the soft bffabstract phbhemic code that we suggest without some 
procedure that allows, the experimenter to observe specific activation effects. 

A similar prbbl^rti exists in other studies that indirectly imply that, less able 
readers may not ife as effective in phonemic code activation. For example, in 
word vocallziitfd|l» differences between latencies of skilled and less skilled 
readers are greater for pseudowords than real words and less for high-frequency 
words than iow^frequency Words (Perfctti & Hogaboam, 1975): This is consis- 
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tent with the hypothesis that some i^pecch process is slower to trigger: However; 
the activation itself may occur aUtblfiatically whilp the speech production pro- 
gram may he less accessiblef^his could mean e^r that the connection between 
a word's identity and Its speech production program is "weaker" or that the 
program itself musi be aKseraiied: The latter possibility exivSts especially for 
pseudowords and nonwordsJ _ z.-..^ 

There is evidence from Perfetti, Fi^cr, and Hogaboam (1978) that vocaliza- 
tion latency of less skil led readers ii^^p5>es with number of sy llables for printed 
words more ihan for picture hamingc^rius, the relevant speech program diffi- 
culty is not only at the level of production but at the level of-xiecbdihg. That is, 
less skilled readers can be thought of as having access tj^ preprdgrarnmed *^ 
routines stored with concepts. When thrffoncepts are accessed through linguistic 
means, however, there is some effect of word length. It ^is hbj^^cle^r wh^thei: |hfs 

^_JlL^ici\y a coding effect or a coding assembly efi^crrcstricted 

inputs. In neither case, luvwe vcr, does it imply a failure for less skilled readerMb 
-activate a speech code from a print input. 

At most, such studies are cbn.si stent with a form of the nonactivation 
hypothesis* that attributes sibwer phonemic activation to feadcts of low skill, 
Aitcmaiiveiy, aciivaUbn may be hbnautbmatic tpr lcs.s skilled readers. In either 
ca.se, by the nbnaclivalibn hypblhesis, the represeritatiori of Ihfc' j^ofd brought 
forward tor further prbcessjiig might riot include the speech, codfe^'that w^ have 
assumed is iriipbrtaril for refererice sccuiirig arid, thUs, cQmpfehensiori. /^Ithough 
we suggest that available evidence does riot slrbrigll>f^ Support this hy it \i 

riot clear what such eviderice wbUld imply if it ;^erc availafele; in particular, if 
rcxical\!M:cess happened not to inc lode iiutomatic phonemic actJva^oj|- would it 
,iriclude semaritic irifomlation? It certainly is possible that a lexical activation that 
docs riot iriclude phbrieniic information **does not include semantic information 
either: Irideed, less skilled readers sometimes take longer to reach simple seman- 

' lie decisibri.s even when nonsemantic coding time is accounted for (see Perfetti & 

Lesgbid, 1^79). ' , ,\ 

This entails a parsimonious assumption of lexical failures in reading disability; 
namely, that for some disabled readers the access of a lexical location by visual 
infonnation is'often incomplete. The associated phoneriiic arid semaritic featuriss 
are activated less completely or more slowly and sorrietiriie** riot at all. Whereas 
the skilled reader brings forward to subsequent ^^rocesses ari eririched cbde in- 
clocHing lenerii. phonemes, and meaning features, the disabled reader bririgs 
forward only an impoverished lexical code. Depending on the task, the word riiay 

' By Glushko's neighborhcxKl model, naming words, is always a matter pi" activating stored 
pror.unciatioRs oi a target word and its neighbors. For hdriwbrds, Ictivatibh of real wOi^s is 
ihvalvcd: However, this is not a relevant distinction for the question of speech production 

jHograms. Such programs must be either stored and accessed or syr^thesized in order to produce 

l^poken words or syliaibles. • ^ 



behave us if its phonetic features or its semantic features are hot activated. Note 
that this is hot uh explanation of reading failure but a nearly definitional desciip- 
tlon of the dyslexic aspect of it. Of course, it is also possible fot the dyslexic 
process to be one that brings forward semantic information but pot phonemic 
infonnation: This seems to: be the spirit of Se phonographic hypothesis and, 
perhaps, the memory hypothe.sis ((discussed in the f6liowing)rThis would be an 
approximate analog to the deep dyslexia patient whose paralexic errors often 
. show semantic activation without appropriate phonemic activation. However; it 
may be an unnecesarily exotic characterization of the sort of reading disability 
that (Kcurs in the absence of profound neurologically based speech problems. 

B. The Deactivation Hypothesis 

If it is assumed that some phonemic activation, even if less automatically or 
more .slb\vly,i dccurs-^veh for less able reader^ there remams a secphd majbir 
possibility foi- a spe|ch-felated reading deficit. The **deactivatibh hypothesis" is 
that acce.s.s of a word'.s memory location ihitiales phbhemic activatibh but that 
subsequently the speech ihdex rapidly decays leadihg tb membry Ibss ahd cbrti- 
prehehsibh difficulty .^The problem lies hot in the ihitial access process at the tbp 
level bf Fig. 2 but ih the wbrd ahd wbrd-strihg hbldihg df^ratibhs farther dbwh in 
the process. . . 

What might cause deuctivatibh bf the speech cbde? One possibility is that 
- effbrt expehded at lexical activatibh (decoding) ihterferes with the membry code. 
By this view, lexical activatibh that demahds attehtibh cbmpetes with bther 
processes foi* wbrkihg membry resources. Oiie possible result is deactivation bP 
recently read wbrds. Tnis^ is essentially the suggest ibh bf Ferfetji ahd Lesgbld 
(1977, 1979; see als^o Etesgbjd and Feifetti, 1978i Perfetti, 1977). By this ac- 
count, dec oding fmltial actii%tjb h) and ver ba l memor y problems (deactiVatibh) 
of the less skilled reader may be closely related. That is, membry deactiyatibh 
could be partly a resuU of ihitially nbnautomatic activatibh. Hvidehce fOfsjhis 
hypothesis has been largely indirect but it is supported by substantial cottela^ 
tiohal evidence and credible processing assumptibns. (See Lesgold and f^rfett^ 
1 978, for a review of these matters.) 

Regardless of the mechanism, there is growing evidence that can be taken* ta 
support some form of the deactivation hypothesis. Perhaps the major evidence is 
that less skilled readers appear not to show phonemic confusions in memory tasks 
to the same extent as skilled readers do. Liberman, Shankweiler, Liberman,* 
Fowler, and Fischer (19')7) reported that how-skill second grade readers did, not 
show phonemic confusiog^nrors in a written letter recall experiment. Skilled 
second graders and' adults (Conrad, 1964) tend tb rnake rhyrning-based errors in 
recalling letter nahies (e.g. , h for d and c for z) rather than visually based errors. 
In the study by Libemiah er aL (1977), phbhemic interference was higher in 
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skilled readers' recall than in lessj^Jcilled reMders' recaU 15-second 
rcterHion intervals. A later exp^ufflim asing aarally presented letters showed that 
the skill difference in phonetic confusions extended to speech^ (iShankweiler, 
Libcmiari. Mark, Fowler, & Fischer, \919), A similar result for speech stimuli 
was reported by: Byrne Shea Cl 979) who compated skilled an^^ 
second-grade subjects in a continooas recognition memory paradigm. Distractbrs 
lb target, stimuli (e.g., home) had either jemantic (e.g., /if;M.v<') or phonemic 
(e.g.. cofnh) relatedness. Skilled readers made more false positives to rhyming 
distractbrs irid to semuntic distractors relative to control words. By contrast. 
Ibw^skill readers made fal.se positive responses onJy to semantic distractbrs. 
Interestingly, ^hen Byrne and Shea (1979) replicated this experiment \yith prb^ 
rioUriceable pseudowords (c:g:, joffw). the same low-skiU readers did make 
sigiliticant false p()sitives to rhyme distractors (vomV). Byrne and Shea argUe that 
^ these results support a qualitative strategy difference in encoding; namely, that 
low-skill readers encode semantically rather than- phonemically. However, they 
are equally consistent with the deactivation Itypbthesis. 

In another study. Maimt^Liberman, and Shankweiler ( 1980) reported that a 
phonemic memory difference wa,s obtained wheii subjects listened to sentences. _ 
When subjects' performance bn immediate memory for spoken >^mences 
measarbd, sTcilled second-graders were superior to Unskilled second-graders only 
for sentence's not containing rhymes. For sentences cotjtaining rhymeV (e.g:, 
Tuesday \it three, Lucy is free to see f.V. WitH Dee an^ tee) sk'iUed readers' 
performance fell off dramatically to a level equivalent tojhe low-skill readers^ 
Less skilled readers were relatively urraffected by the rhyming condit^^^^^^ 
results^ we note, do not seem to depend on word order nor on any floor effects. 
This.lheri, is an UnUsUal case in the literature of reading disability in that a grbup 
of Ibwrskill readers perforttied as well as skilled readers; that th|s wa^jusl in the 
nf phnrieriiically confusable words seems to supp ort a general ^pbthesis 
that skilled readers Use phonemic memory codes niore than do Jess skilled 
readers. Furthermore, this difference in phonemic memory is present whether 
print br speech is processed. It is poss[ble that this is a matter of less skilled 
readers Using a semantic, nonphonemic. encoding sti-atiegy, as sbme have 
suggested. The fact that many beginning.reaiders bf low sl^ill do nbt demonstrate 
itiUch knowledge about the phonemic sSucture of language (Ubermin & Shank- 
weiler. 1979; Mann & Libennan,J98!; Perfetti, Beck, & Hughes, 1981), how- 
ever, may suggest that the problem is not one of strategy but of knbwledge arid 

efficieril Use of that knowledge. . _ _ . • 

We note that the evidence has t«en gathered fbr ybUrig subjects only, primarily 
second-grade subjects. We raise the possibility that such children who have only 
recently been exposed to reading iristructibri, arid whbiiave not succeeded_at 
learning to read, may be especially characterized by a failure of phonemic mem- 
ory: Whether this failure applies td bldeiF disabled readers remains to be seen: 
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There remain at least two specific versions of the deactivation hypbthesis 
cbhsi stent with these results. One is that deactivation of th^phbhemic (|bdc is 
more rapid for Ibw-ability readers (spontaneous deactivation^ given that tne code 
is activated initially. A mechanism for this deactivation has been suggested 
previously (Pcrtetti & Lcsgold, 1977) arid others are possible. The mccHanism 
re spiiri sible wdu Id need to h arid Ic specc has wci I as pr i Ht ;.dec6d v\ ho we ve r, 
giveri the resUlls\bri aural iripUt. A secbrid versic)ri of the' hyjK^thesis L that 
procedures 16 delay deactivation are riot as efficieritly used by Ibw-lbility 
readers. That is, skilled readers refresh the code (by rehearsal ^r equiyalerit 
reprocessing) but less skilled readers do riot. 

There is at least orie study that appears to weigh at least slightly ajlairist 
this secbrid version arid iri sUpfX)ft of sporitdhebus deactivatibri. Mark, Snarik- 
wciler; Libermari, arid Fowler (1977) gave sbcbrid-graders a sirigle-wbrq qral 
reading task followed by ari UriaitribUnced recbgriitibri liierilbry test. S|illed 
readers showed a higher false positive rate to distractbfsjhat were phbrieriiitally 
related to iriitially read words (e.g., Icnovi' arid go) compared with cbijtrbidis- 
tractors. This effect was absent for low-skill readers. Orice agairi, ariexperinneri- 
tal result suggested ari ab.sence of phojiemic rilerilbfy processes iri lbw-|kill 
readers, this time in a situation that did not encourage rehearsal m that subjpcts 
did not expect the memory test. 

We suggest that ^nemory and memory control processes are difficalt to diien- 
tangie in general and especially so in young children: More evidence is neeped 
concerning the nature of phonemic memory differences related to reading ability: 
The possibility remains that factors governing control of verbal miemory copes 
beyond the spontaneous decay of phonemic infbrrnation will yet be demon- 
strated. 

Finally^ it is interesting that the Mark er a]. (1977) task results would seem to 
count against the hypbthesis bf phbhemic rioriactivatibri. Althbugh Mark ei qh- 
suggest that access arid use bf-phbrieUc iriformatibri are a source of reading 
failure, their Ibw-ability readers read albud both the target wbi:ds arid the fbils. 
Their prbblerri was ribt initial phbneriiic cbde activation but the ability tb maintain 
the cbde. Al^ugh rribst disabled readers, certainly ybu rig brie s, have difficulty 
iri readily actjvatirig phbneriiic codes, there is no strong evidebce that they fail to 
db so altbgether;. There is eViderice that their iriitial activatiori is slbw arid 
ribri^Utbmatic krid that the code, orice activated, is.vUlrierable to rilerilbfy deacti- 
vatiori.^ . 



C. Coding and Memory ActivatB>h Trade^Offs 

There is the possibility- implied %roughout our discussion, that less able 
readers are slower at activating speech codes and less able to keep the code 
active, if sp, it is possible that processing trade-offs occur between encodirig and 
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meiTft)iy as tar as . the quiility of this dfce is. concerned: There is sbgges|ive 
. evidence of this from a backward letter search experiment of Perfettijand Bell 
, ^ WWOl. The task requires the subject to d6:ide whethM a six-letter .string, a 
norivvord, did or did not contain a letter probe. Bee aSp this is essentially a 

- riicmbi7 search task, manipulations of letter-string properties can betaken to 
affect the memory code established and Examined to respond to the probe . IriWe" 

: experiment; Perfetti and Bell (1980) found that strings that were well structured 
octhographicall^ and phonemically {e.g., .sonkiej produced fewer errbi-s. than 
/ strings iovy in structure (e.g., seared). The advantage of structure was absent iir 

forward (visual) search in which the letter is presented first ajid then the search 
display. Thus; the advantage of structure appealed to be due to its effect on 
establishing a memory code; A welUstructured string provides a phpriemically 
based memoiy code with which to compare the probe letter. Interestingly, the^ 
effect of structure was greater for adults and skilled fouith-grade subjects than for 
iess ski!icd fourth-grade subjects. This seems to be another piece of evidence that 

• jess skilled readers do not use phonemic irifontiatib^^ 

readers do. \ _ 

In a sdbsequehl unpublished experiment, the roles encoding and. of 
memory in the iise of structure were examined. Less skiiied readers we^e given 
either 330 or 1500 msec lb ericbde a six-letter nonword string: After the display 
was terminated, a letter prbbe follbwed an interval of either :5 or^ seconds^ If a 
useful code requires more lime for a less skilled reader establish, then the 
longer encoding lime of 1 500 msec should facilitate performance generally and 
lead to a facililalihg effect bf structure. On the other ^hand^ if establishing^^ a 
ptionemic cbde is less bf a problem than retaining it, then the longer memory 
- interval should be especially sensitive to structure and especially difficult for fess 

skilled readers. - . 

The results suggested a trade-off: Less skilled readers who hadpnly 330 ftisec 
_ lb encode the letter string showed some advaritage"6r structure if ihe memo|y 

probe followed quickly : When the retention interval was 4 secbnds, performance . 
dropped dramaticaily and there was no advantage of structure. Less sjcilled; • 
readers who had 1500 nisec: ip encode the^'stiiinulus performed. as ,wejl as skilledj^ 
readers who had only .33i3 msec, their pattern of errors wds diflfererit, hbwev^^^^^^^ 
At the long reteintion interval only, they showed a large effect of; stm^^^ 
Apparently, they had ample lime to form a phbheinic repreSentatibh arid virere 
able to iceep it active. For strings without structure, t^^ 
♦ at the long interval than subjects with less ericckiirig time. The. irripbrtaril results 
for less skilled readers can be sumrriarized as follbws: The effect of additional 
encoding time was to increase the mefnbrabiiity bf well-structured strings. Ac- 
cordingly, the difference between skilled arid less skilled itrjaders in the/die of 
structure is seen wheii encoding liriie is shbft arid delay is long. ___ 

This kind of experiment derribristrates that speech eticoding and memory can 
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be treated as related processes. The cbncflBkis not that urisRilled i^ade^rti have 
deficits in phonemic memory, bilt t|iat ;^^^Bbth ehcodihg and fh^mpiy de- 
mands are present, a trade-off can bt^HH; the greater the tlehiands foi- a 

quality phonemic code iri memory, the mbnelfie demands at ehcodihg play a role. 

,• --: r> 

IV. SUMMARY 

In this article we have proposed a model of speech processes in reading 
and* have critically reviewed research on the role of sach processes in reading. 
Much work has been guided by the question of whether speech recoding precedes 
lexical access. Although that question seems generally answerable in the nega- 
tive, we suggest that a richer understand in^bf speech processes in reading must 
include attention to postlexical processes. Our proposal is*that activation of some 
phonemic infomiatioh is automatic and concurreht with lexical activation. Al- 
though there is little direct evidence for this at present, we argue that postlexical 
demands of reference securing rhake it reasonable to hypothesize such a process^ 
We su digest that the phonemic code is hbt a rherc replica of a speech production. 
In cbhhectibh with the general proposal, we also conclude that experiments 
employing speech suppression paradigms arc inadequate to detect the speech 
processes ihvblved. We suggest that there is a cbntihuum of speech activation 
and that .syppressibh operates at a highcr lcvel than the relevant speech processes. 
We do repk)rt so hie recent research bf biir bwh that prbvides at least weak 
evidence for phbhemic processes ihvblvihg cbhsbhahts'. 

We also consider whether reading ability is related to the Use bf speech pro- 
ces.ses in reading. There is considerable evidence that it Is, In tefitis of our 
activation proposal, there is little evidence that activation~T)f speecb codes fails to 
occar for less skilled readers: Some evidence suggests that activation is slower'or 
1es^ aptomatic:: There is more evidence for the '^deactivation hypothesis," that a- 
speech code, even when activated, deactivatesTmpre rapi3ly for -a less able 
reader. It is possible, as we demonstrate, thai encoding conditions and memory 
demands may be related and that compensation between them can be arranged. 
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